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A con sid er able num ber of pri mor dial ra dio iso topes are pres ent in al most all the sam ples ex -
tracted from the Earth’s crust, such as oil, rock, soil or other ma te ri als. Their con cen tra tions
are of ten de ter mined by gamma spec trom e try. Al though the rel a tive con cen tra tions of iso -
topes of ten fluc tu ate within a nar row range, it is not al ways the case. Some nat u ral ma te ri als
(such as nat u rally oc cur ring ra dio ac tive ma te rial) show un usual ac tiv ity ra tio be tween 238U
and 232Th, while tech no log i cally pro cessed ma te ri als (tech no log i cally en hanced nat u rally oc -
cur ring ra dio ac tive ma te rial) might also in tro duce sig nif i cant dis equi lib rium in ra dio ac tive
chains. Know ing that pri mor dial ra dio iso topes emit in to tal more than a thou sand gamma
and char ac ter is tic X-ray pho tons and that many of them in ter fere with each other, a ques tion
arises whether for some ac tiv ity ra tios com monly used photopeaks be come use less for quan ti -
ta tive anal y sis, due to in ter fer ences with other photopeaks. A com puter pro gram was de vel -
oped in or der to cal cu late full en ergy pho ton in ter fer ences for any cho sen photopeak. The cal -
cu la tions are based on the in puts in the form of iso tope ac tiv i ties and de tec tor cal i bra tion
equa tions and its char ac ter is tics are pre sented in this pa per.
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IN TRO DUC TION
NORM and TENORM are ab bre vi a tions for nat -
u rally oc cur ring ra dio ac tive ma te rial and tech no log i -
cally en hanced nat u rally oc cur ring ra dio ac tive ma te -
rial, re spec tively. While the nat u ral ra dio ac tiv ity is
pres ent ev ery where, in some cases hu man ac tiv i ties
cre ate greater chances for the ex po sure of gen eral pop u -
la tion to par tic u lar nat u ral ra dio ac tive ma te rial.
TENORM is a NORM ma te rial in which the nat u ral
con cen tra tions of ra dio ac tive ma te ri als are mod i fied by
some tech no log i cal pro cess (oil ex trac tion, com bus -
tion, wa ter treat ment in wa ter plants, etc.) [1]. 
Gamma spec tros copy is of ten used to ex am ine
ra dio ac tive con tent of nat u ral ma te ri als, in ev ery day
prac tices as well as in sci ence. Ma te ri als ex tracted
from the Earth’s crust are more or less iso lated from
the at mo sphere, so the con tent of ar ti fi cial (and
cosmogenic) radionuclides is usu ally very low, mean -
ing that they can be clas si fied as NORM ma te ri als. Pri -
mor dial radionuclides 238U, 232Th, and 235U with prog -
e nies, as well as 40K are al ways pres ent in some quan ti -
ties and all con trib ute to the gamma ra di a tion lev els.
There are three prin ci pal prob lems in as sign ing
the phys i cal mean ing to de tec tor sig nals gen er ated by
pho tons in gamma spec tros copy. First, not all the pho -
tons will de posit all of their en ergy in the de tec tor [2].
This prob lem was ad dressed in a num ber of pa pers and 
thus will not be fur ther an a lyzed in this pa per. Sec ond,
even if the first prob lem were some how avoided, a fi -
nite res o lu tion of the de tec tor re mains a prob lem: the
pho tons that are within a cer tain en ergy win dow can -
not be dis tin guished. In the case of sam ples con tain ing
sev eral radionuclides with many gamma pho tons, the
spec trum can be come very com plex and many pho tons 
can fall within a de tec tor full width at half max i mum
(FWHM) at cer tain en ergy. Quan ti ta tive anal y sis of
such photopeaks can be a trou ble some job and in -
cludes us ing of deconvolution soft ware, es ti mat ing in -
ter fer ences based on other photopeaks of the same
radionuclide or quan ti ta tive anal y sis by other meth ods 
[2]. An other ap proach might be radioche- mical sep a -
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ra tion of radionuclides [3]. Fi nally, sev eral pho tons
may in ter act with the sen si tive vol ume of the de tec tor
dur ing the time in ter val shorter than the re solv ing time
of the de tec tor, and then the ef fect of sum ming will oc -
cur. This prob lem was also an a lyzed in lit er a ture [4]
and is usu ally in sig nif i cant for low count rates typ i cal
for en vi ron men tal sam ples, so it would not be dis -
cussed fur ther.
Quan ti ta tive gamma anal y sis of NORM and
TENORM ma te ri als is of ten per formed with out
radiochemical sep a ra tion. Even in the case of high
res o lu tion ger ma nium de tec tors (which have much
better res o lu tion com pared with NaI(Tl) de tec tors),
photopeaks that are used in quan ti ta tive anal y sis can
in ter fere with other photopeaks. This means that sev -
eral photopeaks are so close that they can not be re -
solved by the de tec tor sys tem, and an over all
photopeak is de tected in stead. The con tri bu tion to the 
over all photopeak by all the pho tons ex cept for the
pho ton be ing  an a lyzed is con sid ered to be in ter fer -
ence. In this pa per, the in ter fer ences were cal cu lated
for most of the com monly used photopeaks and for
sev eral re al is tic cases of nat u ral ra dio ac tiv ity con -
tent. In some cases pres ent in the en vi ron ment, the
iso tope ac tiv i ties de vi ate sig nif i cantly from the “nor -
mal” cases and in ter fer ences might mask im por tant
photopeaks to such ex tent to ren der them com pletely
use less for quan ti ta tive anal y sis. Know ing these
cases is par tic u larly im por tant for the lab o ra to ries
that per form rou tine gamma spec tro scopic anal y sis.
Sam ples with roughly equal ac tiv ity of 238U and
232Th are com mon place [5]. If ra dio ac tive equi lib rium
is as sumed as well as nat u ral ura nium iso to pic com po -
si tion, it is pos si ble to cal cu late emis sion and de tec tion 
rates for all the emit ted pho tons, along with the in ter -
fer ences that they cause to the pho tons im por tant in
quan ti ta tive anal y sis. In this case, all the im por tant
pho tons are ei ther nearly free of in ter fer ences, or the
ex tent of those in ter fer ences is well known. How ever,
en vi ron men tal sam ples such as zir con ore with 238U to
232Th ac tiv ity ra tio of 10:1, or phos phate rock sam ples
with 238U to 232Th ac tiv ity ra tio of 1:3 are not rare, and
even higher im bal ances can be found. Ra dio ac tive
chains might also be sig nif i cantly dis turbed, es pe -
cially in TENORM ma te ri als. In these cases, some low 
yield pho tons that can be nor mally ne glected dur ing
gamma spec tro scopic anal y sis make sig nif i cant con -
tri bu tion to the spec trum, and in some cases they might 
even com pletely mask pho tons that are nor mally free
from in ter fer ences.
An ex ten sive lit er a ture re search re sulted in a set
of im por tant pho tons com monly used in quan ti ta tive
gamma spec tro scopic anal y sis. A fur ther re search re -
sulted in some ex treme cases of sig nif i cant dis rup tion
of ra dio ac tive equi lib rium and/or ex treme val ues for
the 238U to 232Th ra tio. In the last step, a com puter pro -
gram was de vel oped and used to an a lyze all the col -
lected data.
MA TE RI ALS AND METH ODS
A com puter pro gram INCA (in ter fer ence cal cu -
la tor) cur rently un der de vel op ment was used for the
cal cu la tions. The pro gram uses a cus tom pho tons da -
ta base that in cludes the pho tons of all iso topes listed
in tab. 1. For sim plic ity, only pho tons with emis sion
prob a bil ity higher than 0.1% were in cluded in the da -
ta base. Im por tant gamma pho tons in the con text of
this pa per are pho tons com monly used in quan ti ta tive 
anal y sis of NORM and TENORM ma te ri als. In or der
to de ter mine such pho tons, an ex ten sive lit er a ture re -
search was made [6-13]. All the se lected pho tons are
listed in tab. 1, and the pa pers in which they were
used are in di cated with x. The val ues for pho ton en er -
gies and yields, for branch ing ra tios and other data
are ob tained from BIPM mono graph [14]. The pro -
gram in puts are the de tec tor en ergy and ef fi ciency
cal i bra tion data and the spe cific ac tiv i ties of all
radionuclides ex ist ing in a sam ple. The in ter fer ences
can be es ti mated for real sam ples be fore the gamma
spec trom e try mea sure ment is started if the cal cu la -
tions are per formed with ex pected or typ i cal val ues
of ac tiv i ties for the type of ma te rial (phos phate, zir -
con ore, etc.) that is be ing mea sured. The pro gram
com bines the in put data with the data from the pho ton 
da ta base to cal cu late the num ber of de tected pho tons
for each gamma line and iso tope for spe cific sam ple.
Then, a set of pho tons se lected by the user is checked
for full en ergy peak in ter fer ences. The user is free to
choose the en ergy win dow within which he wishes to
in ves ti gate for pos si ble in ter fer ences. This win dow
can be the de tec tor FWHM or FWTM cal cu lated
from de tec tor cal i bra tion curves or an ar bi trary en -
ergy win dow de fined by the user.
A hy po thet i cal “typ i cal” case was cre ated in or der 
to have a stan dard or ref er ence sam ple, suit able for
com par i son with TENORM ma te rial spec tra. For this
pur pose, UNSCEAR re port for year 2000 was used [5].
Ac cord ing to this re port, the val ues around 500 Bq/kg,
40 Bq/kg, and 40 Bq/kg can be con sid ered as very likely 
ac tiv i ties of 40K, 238U, and 232Th in soil around the
world, re spec tively. For this typ i cal sam ple, ra dio ac tive
equi lib rium was fur ther as sumed. The case of the “typ i -
cal sam ple” is im por tant for the il lus tra tion of how the
in ter fer ences might sig nif i cantly dif fer if ra dio ac tive
equi lib rium is dis turbed or the 238U to 232Th ra tio takes
ex treme val ues.
The other cases were cho sen in such fash ion that
the gamma emit ting iso topes rel a tive ac tiv i ties are as
dif fer ent from the ref er ence case as pos si ble.
The first case was taken from [15]. Phosphogypsum 
pro duced in a sulphuric acid pro cess is dou bly in ter est ing:
232Th ac tiv ity is much lower than 238U ac tiv ity, and 226Ra is 
con cen trated 4 times com pared to 238U. Since only the ac -
tiv i ties for 238U, 226Ra, 232Th, and 210Pb were given, it was
as sumed that the other ra dio iso topes are in equi lib rium
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with their par ents, and that the ura nium iso to pic com po si -
tion is nat u ral.
In sec ond case, a sam ple with nat u rally de pleted
ura nium (DU) was con sid ered. 235U iso to pic frac tion
as low as 0.44% was found in sam ples from Oklo mine
[16]. The rea son for the dis tur bance of iso to pic com -
po si tion is the nat u ral nu clear re ac tor that was ac tive in 
Oklo at least 2  bil lion  years  ago.  Ra dio ac tive  equi -
lib rium has been achieved again since. This is a hy po -
thet i cal sam ple. It was as sumed that it is com pletely
anal o gous to the ref er ence case, with the ex cep tion of
ura nium com po si tion.  238U  and  232Th  ac tiv i ties  were  
set  to 40 Bq/kg, 40K ac tiv ity to 500 Bq/kg and the
other iso topes ac tiv i ties were cal cu lated hav ing in
mind al tered ura nium iso to pic com po si tion.
Ac tiv i ties for the third case were ob tained from
[17]. Phos phate rock ac tiv i ties were in ter est ing be -
cause 232Th ac tiv ity was three times higher than 238U
ac tiv ity. Ra dio ac tive equi lib rium was also dis turbed to 
some ex tent. 235U chain ac tiv i ties were cal cu lated as -
sum ing nat u ral iso to pic com po si tion.
The last case was Zir con ore. Zir con is an in ter -
est ing ex am ple of NORM ma te rial. 238U ac tiv i ties are
typ i cally higher up to an or der of mag ni tude than 232Th 
ac tiv i ties, and 40K ac tiv i ties are usu ally lower than ei -
ther 238U or 232Th ac tiv i ties [11, 18]. The case that was
stud ied was of a zir con ore orig i nat ing from the USA.
238U chain ac tiv i ties were around 8 times higher than
232Th chain ac tiv i ties, with some equi lib rium dis tur -
bances. 235U chain ac tiv i ties were cal cu lated as sum ing 
nat u ral iso to pic com po si tion.
For all the sam ples, sev eral as sump tions were
made: all the radionuclides are in ra dio ac tive equi lib -
rium with their re spec tive par ents, un less an other ac -
tiv ity is spec i fied. 238U and 235U ac tiv i ties are cal cu -
lated ac cord ing to nat u ral iso to pic com po si tion,
ex cept for the Oklo mine case. In all the cases, con cen -
tra tions of all the iso topes were cal cu lated ac cord ing
to these ad hoc rules, but the 40K con cen tra tion is set to
0 if the data is not avail able.
Since all the cal cu la tions re quire a known de tec -
tor ef fi ciency and FWHM, de pend ing on en ergy, or
oth er wise set en ergy win dow, an ac tual de tec tor cal i -
bra tion equa tions were used. Be cause of the very rich
spec trum, the de tec tor that was cho sen is an ex tended
range ger ma nium de tec tor, with 105% rel a tive ef fi -
ciency and FWHM of 1.03 keV at 122 keV and
FWHM of 2.04 keV at 1332 keV. For cal i bra tion pur -
poses, IAEA spiked soil sam ple was used. Ad mit tedly, 
three of the sam ples that were stud ied have some what
dif fer ent ma trix and den sity then the soil sam ple used
for cal i bra tion, so the de tec tor ef fi ciency will be dif fer -
ent. How ever, us ing of the same cal i bra tion equa tion is 
jus ti fied by the fact that the in ter fer ences that are cal -
cu lated de pend on the ra tio of the count rates of the in -
ter fer ing photopeaks and do not de pend on the ab so -
lute value of ef fi ciency. Den sity ef fects on ef fi ciency
will have the same in flu ence on all the in ter fer ing pho -
tons, be cause the ef fi ciency will drop lin early with
den sity [19]. Ma trix ef fects will not be sig nif i cant, es -
pe cially con sid er ing that the pho tons that in ter fere
with each other have sim i lar en er gies. Any un cer tain -
ties in tro duced this way will be small com pared to the
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Ta ble 1. List of pho tons com monly used in gamma spec tro scopic anal y sis of nat u ral radionuclides
Reference [6] [7] [8] [9] [10] [11] [12] [13]
Isotope Energy [keV]
40K 1460.822 x x x x x x
234Th 63.3 x x x
234Th 92.8 x
234mPa 1001.026 x x
234U 53.2 x
230Th 67.67 x
226Ra 186.211 x x
214Pb 295.224 x x x x
214Pb 351.932 x x x x x
214Bi 609.312 x x x x x
214Bi 1120.287 x x x
214Bi 1764.494 x x x x
210Pb 46.539 x x
228Ac 338.32 x x x x
228Ac 911.196 x x x x x
228Ac 968.96 x
224Ra 240.986 x
212Pb 238.632 x x x x
208Tl 583.187 x x x
208Tl 2614.511 x x x
235U 143.767 x x
235U 163.356 x
235U 185.72 x
other sources of un cer tain ties, above all, val ues for ac -
tiv i ties of the sam ples.
RE SULTS AND DIS CUS SION
The ac tiv i ties of all the ra dio iso topes of all the
sam ples were cal cu lated where these ac tiv i ties were
not pre vi ously avail able, and are pre sented in tab. 2.
Iso topes were grouped to in di cate sub-chains within
the main ra dio ac tive chains. Sub-chains were iden ti -
fied ac cord ing to the time needed for ra dio ac tive equi -
lib rium to be achieved be tween two sub se quent
radionuclides.
The in ter fer ences were cal cu lated us ing INCA
pro gram for 23 peaks for 4 sam ples and the ref er ence
sam ple. The en ergy win dow used is cal cu lated from
the cal i bra tion for mula for an ex tended range ger ma -
nium de tec tor. The ex am ple of cal cu lated val ues for
FWTM is 3.05 keV at 100 keV and 4.65 keV at 1 MeV.
Two ta bles are given, one for the en ergy win dow equal
to 1 FWHM and an other for the en ergy win dow equal
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Ta ble 2. Over view of the ac tiv i ties of all the iso topes in the stud ied cases
Isotope
Activity [Bqkg–1]
Reference sample Phosphogypsum Natural DU Phosphate rock Zircon ore
238U 40 200 40 140 1320
234Th 40 200 40 140 1320
234mPa 40 200 40 140 1320
234Pa 0.06 0.3 0.06 0.21 1.98
234U 40 200 40 140 1320
230Th 40 200 40 140 1320
226Ra 40 850 40 140 1500
222Rn 40 850 40 140 1500
218Po 40 850 40 140 1500
214Pb 39.99 849.81 39.99 139.97 1499.67
218At 0.01 0.19 0.01 0.03 0.33
214Bi 40 850 40 140 1500
214Po 39.99 849.82 39.99 139.97 1499.69
210Tl 0.01 0.18 0.01 0.03 0.32
210Pb 40 200 40 120 1500
210Bi 40 200 40 120 1500
210Po 40 200 40 120 1500
232Th 40 17 40 470 190
228Ra 40 17 40 550 190
228Ac 40 17 40 550 190
228Th 40 17 40 550 190
224Ra 40 17 40 550 190
220Rn 40 17 40 550 190
216Po 40 17 40 550 190
212Pb 40 17 40 550 190
212Bi 40 17 40 550 190
212Po 25.63 10.89 25.63 352.39 121.73
208Tl 14.37 6.11 14.37 197.62 68.27
235U 1.8 9 1.10 6.28 59.19
231Th 1.8 9 1.10 6.28 59.19
231Pa 1.8 9 1.10 6.28 59.19
227Ac 1.8 9 1.10 6.28 59.19
227Th 1.78 8.88 1.08 6.19 58.38
223Fr 0.02 0.12 0.02 0.09 0.82
223Ra 1.8 9 1.10 6.28 59.19
219Rn 1.8 9 1.10 6.28 59.19
215Po 1.8 9 1.10 6.28 59.19
211Pb 1.8 9 1.10 6.28 59.19
211Bi 1.8 9 1.10 6.28 59.19
211Po 0.005 0.02 0.003 0.02 0.16
207Tl 1.80 8.98 1.09 6.26 59.03
40K 500 0 500 0 0
to 1 FWTM (tabs. 3 and 4). De tec tion rates are also
cal cu lated based on the ac tual de tec tor cal i bra tion and
the known ac tiv i ties. The in ter fer ences thus cal cu lated 
are ap prox i mate and the cal cu la tions are valid given
that the fol low ing as sump tions are true:
– only the iso topes listed in tab. 2 are pres ent in the
sam ple,
– contribution of gamma pho tons and char ac ter is tic
X-rays with yield lower than 0.1 per 100 dis in te -
gra tions is neg li gi ble, and
– bremsstrahlung, Compton con tin uum, X-ray es -
cape peaks, sin gle and dou ble es cape peaks and
elec tron es cape peaks are de ducted from the spec -
trum or are neg li gi ble to begin with.
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Ta ble 3. In ter fer ences given as the percentage of the photopeak cal cu lated for en ergy win dow equal to 1 FWHM of the
sim u lated XtRa ger ma nium detector
Isotope
Interferences in the photopeak [%]
Energy [keV] Reference sample Phosphogypsum Natural DU Phospate rock Zircon ore
40K 1460.822 0.68 n. a. 0.68 n. a. n. a.
234Th 63.3 6.73 0.88 6.65 19.05 1.28
234Th 92.8 76.79 63.37 76.06 89.89 62.71
234mPa 1001.026 0 0 0 0 0
226Ra 186.211 42.01 14.56 30.63 41.93 38.85
214Pb 295.224 0.22 0.12 0.18 0.22 0.20
214Pb 351.932 1.63 0.39 1.00 1.63 1.44
214Bi 609.312 0 0 0 0 0
214Bi 1120.287 0.0025 0.0006 0.0025 0.0025 0.0022
214Bi 1764.494 0 0 0 0 0
210Pb 46.539 0.20 0.20 0.12 0.23 0.18
228Ac 338.32 1.11 11.69 0.68 0.28 7.23
228Ac 911.196 0.00 0.12 0.00 0.00 0.02
228Ac 968.96 0.00 0.00 0.00 0.00 0.00
224Ra 240.986 63.76 98.88 63.76 30.93 93.28
212Pb 238.632 0 0 0 0 0
208Tl 583.187 0.39 0.40 0.39 0.39 0.40
208Tl 2614.511 0 0 0 0 0
235U 143.767 23.53 23.53 23.57 23.54 23.54
235U 163.356 2.98 2.98 2.98 2.98 2.98
235U 185.72 58.04 85.45 69.43 58.12 61.19
Ta ble 4. In ter fer ences given as the per cent age of the photopeak cal cu lated for en ergy win dow equal to 1 FWTM of the
sim u lated XtRa germanium detector
Isotope
Interferences in the photopeak [%]
Energy [keV] Reference sample Phosphogypsum Natural DU Phosphate rock Zircon ore
40K 1460.822 0.68 n. a. 0.68 n. a. n. a.
234Th 63.3 6.73 0.88 6.65 19.05 1.28
234Th 92.8 86.10 82.71 85.74 94.66 74.42
234mPa 1001.026 0 0 0 0 0
226Ra 186.211 42.01 14.56 30.63 41.93 38.85
214Pb 295.224 0.22 0.12 0.18 0.22 0.20
214Pb 351.932 1.97 0.73 1.34 1.96 1.77
214Bi 609.312 0.0012 0.0003 0.0012 0.0012 0.0011
214Bi 1120.287 0.0025 0.0006 0.0025 0.0025 0.0022
214Bi 1764.494 0 0 0 0 0
210Pb 46.539 0.41 0.41 0.25 0.48 0.36
228Ac 338.32 4.52 14.96 4.09 3.70 10.56
228Ac 911.196 0.00 0.12 0.00 0.00 0.02
228Ac 968.96 23.94 23.97 23.94 23.94 23.96
224Ra 240.986 92.54 99.00 92.54 91.73 96.08
212Pb 238.632 9.65 19.73 9.24 8.86 15.49
208Tl 583.187 1.58 37.89 1.58 0.70 9.06
208Tl 2614.511 0 0 0 0 0
235U 143.767 40.46 26.83 47.37 62.76 27.90
235U 163.356 2.98 2.98 2.98 2.98 2.98
235U 185.72 58.16 85.47 69.49 58.24 61.30
A con ser va tive ap proach dur ing gamma-ray
spec trom e try is that two lines can be re solved if their
sep a ra tion is higher than ~1 FWHM. It is clear from
tab. 3 that many pho tons have a sig nif i cant and vari -
able in ter fer ence from other pho tons within the en ergy 
win dow of 1 FWHM. For the en ergy win dow of 1
FWTM, in ter fer ences are higher, as expected. 
The pho tons in these ta bles can be di vided in
three groups: pho tons with sig nif i cant and vari able in -
ter fer ences, pho tons with sig nif i cant but con stant  in -
ter fer ences and pho tons with neg li gi ble in ter fer ences.
The first group is the most in ter est ing for the topic of
this paper.
 As can be seen from the ta bles, a large in ter fer -
ence is pres ent in case of 224Ra in all the sam ples. Also, a 
con sid er able in ter fer ence can be found at the 186 keV
photopeak that be longs to 226Ra and 235U, which was
ex pected. Three pho tons are es pe cially in ter est ing:
208Tl pho ton at 583 keV and 212Pb pho ton at 239 keV
have sig nif i cant in ter fer ences when the win dow is set to 
1 FWTM, and the ex tent of in ter fer ences is very much
de pend ent on the case that is ex am ined. How ever, if the
win dow is set to 1 FWHM, no in ter fer ences are re -
corded. 228Ac pho ton at 338 keV has sig nif i cant in ter -
fer ences at both en ergy win dow set tings, and they are
af fected by the case that is stud ied. All these lines are of -
ten used for quan ti ta tive anal y sis.
The rea son for such be hav iour of these
photopeaks can be found by ana lys ing other pho tons
with sim i lar en er gies, which is an other op tion avail -
able in the INCA pro gram. Within 1 FWTM of the
212Pb pho ton at 239 keV, there are the con tri bu tions of
two other pho tons. One is emit ted by 227Th, and the
other by 224Ra. 224Ra and 212Pb are in the same ra dio ac -
tive chain, and the ra dio iso topes be tween them have
short half-lives (3.6 days at most). Since most of the
lab o ra to ries wait up to 30 days to per form the mea -
sure ments, it is very likely that 212Pb and 224Ra ac tiv i -
ties are equal within the ex per i men tal er ror mar gin.
Th-227, on the other hand, be longs to 235U chain. As
the 235U ac tiv ity is con nected to 238U ac tiv ity in most
of the sam ples, so is the 227Th ac tiv ity. This pho ton
proves to be the rea son for the dif fer ence in in ter fer -
ences to 212Pb pho ton be tween the cases.
If the same pro cess is re peated with 208Tl
photopeak at 583 keV, it can be seen that in its vi cin ity
there are 3 photopeaks. Again, one pho ton is emit ted
by an iso tope in the same ra dio ac tive chain, 228Ac, and
its con tri bu tion to the photopeak should not vary by
much. An other pho ton is emit ted by 234Pa, and due to
its low yield and low 234Pa ac tiv ity due to the branch -
ing ra tio, it is in sig nif i cant. The third pho ton is emit ted
by 214Pb, which be longs to 238U ra dio ac tive chain. Its
con tri bu tion to the over all photopeak ranged from un -
der 1% to over 30%. 
Fi nally, 228Ac photopeak at 338 keV also has 3
photopeaks in its vi cin ity. One of them also be longs to
228Ac, and hence does not rep re sent any prob lems. The 
other is a low yield pho ton of 231Pa, and can be ne -
glected in all the cases. The third pho ton be longs to
223Ra and is shifted less than 0.1 keV from the 228Ac
pho ton. These two peaks are irresolvable by con ven -
tional gamma spec trom e ters. It also proves that this
pho ton’s con tri bu tion to the over all photopeak can
vary by the fac tor 10 at least. In the dif fer ent cases
stud ied, it was less than 1% and more than 10%.
Sim i lar dis cus sion can be re peated for all the
listed pho tons, or any other pho ton that is avail able to
the INCA pro gram through the da ta base.
It is also in ter est ing to iden tify the pho tons such
as 228Ac pho ton at 969 keV, which has al most con stant
in ter fer ences for all the cases stud ied. Other pho tons
have no in ter fer ences within used en ergy win dows. It
is im prac ti cal and even im pos si ble to pre dict and ana -
lyse all the pos si ble sce nar ios, but it was shown con -
clu sively that per form ing quan ti ta tive gamma anal y sis 
of NORM and TENORM ma te ri als might be er ro ne -
ous with out es ti mat ing the con tri bu tion of the pho tons
with sim i lar en er gies.
CON CLU SIONS
In this pa per, it was shown that some pho tons
com monly used for NORM and TENORM quan ti ta -
tive anal y sis can get in ter fer ences so large that they be -
come use less for the anal y sis, only by vary ing iso topes 
con cen tra tions. This is true even if a ger ma nium de tec -
tor with FWHM of 1.03 keV at 122 keV and FWHM of 
2.04 keV at 1332 keV was used. The in flu ence of in ter -
fer ences be comes much more sig nif i cant if a NaI(Tl)
de tec tor is used, due to its in fe rior res o lu tion.
Five dif fer ent cases were stud ied, all of which
rep re sent re al is tic ex am ples of what any lab o ra tory
can come across. It was shown that not only in cases
when the equi lib rium in ra dio ac tive chains is dis -
turbed, but also when the ra tio be tween 232Th and 238U
changes, un ex pected in ter fer ences may oc cur. 232Th
and 238U ac tiv ity ra tio can vary in NORM ma te ri als by
more than one or der of mag ni tude, which could cause
some im por tant pho tons to be com pletely masked.
While the an a lyzed cases il lus trate the change in
in ter fer ences, they are far from the most ex treme. An -
other im por tant ad di tion to this work may be iden ti fi ca -
tion of sum ma tion and es cape peaks that might in ter fere 
with photopeaks com monly used in quan ti ta tive anal y -
sis. Also, NORM and es pe cially TENORM sam ples
can be con tam i nated by ar ti fi cial or cosmogenic
radionuclides. If the study was ex tended to the
photopeaks of these radionuclides, ad di tional valu able
data might have been ac quired.
AC KNOWL EDG EMENT
The re search was sup ported by the Min is try of
Ed u ca tion, Sci ence and Tech no log i cal De vel op ment
of the Re pub lic of Ser bia un der the Pro ject III43009 -
M. Z. @ivanovi}, et al.:Anal y sis of In ter fer ences from Full En ergy Peaks in ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2012, Vol. 27, No. 4, pp. 380-387 385
New Tech nol o gies for Mon i tor ing and Pro tec tion of
En vi ron ment from Harm ful Chem i cal Sub stances and
ra di a tion im pact. Part of the work was car ried out dur -
ing  the “Post grad u ate Ed u ca tional Course in Ra di a -
tion Pro tec tion and the Safety  of Ra di a tion Sources”
(held in Ath ens, Greece, from 10 Oc to ber 2011 to 30
March 2012), sup ported by IAEA Tech ni cal Co op er a -
tion Pro ject “RER/9/101 Build ing Com pe tence
Through Ed u ca tion and Train ing in Sup port of Ra di a -
tion Protection Infrastructures”.
AUTHOR CONTRIBUTIONS
The o ret i cal anal y sis was car ried out by M. Z.
@ivanovi} and M. J. Anagnostakis. Com puter code
INCA was writ ten by M. Z. @ivanovi}. Lit er a ture re -
search was car ried out by M. Z. @ivanovi} and J. D.
Nikoli}. Cal cu la tions were per formed by M. Z.
@ivanovi} and A. I. Apostol. Fig ures were pre pared by 
M. Z. @ivanovi} and J. D. Nikoli}. All au thors dis -
cussed the re sults and par tic i pated in the writ ing of the
manu script. Re search was co-ordinated by M. J.
Anagnostakis.
REF ER ENCES
[1] ***, IAEA, Ra dio ac tive Waste Man age ment Glos sary,
IAEA, Vi enna, 2003
[2] Godon, R. G., Prac ti cal Gamma-Ray Spec trom e try –
2nd ed., John Wiley & Sons, New York, Ltd. ISBN:
978-0-470-86196-7, 2008
[3] Finston, H. L., Miskel, J., Radiochemical Sep a ra tion
Tech niques, An nual Re view of Nu clear Sci ence, 5
(1955), pp. 269-296
[4] Nadjdjerdj, L., Jordanov, D., Davidovi}, M., A New
Ma trix Method for Cal cu lat ing Co in ci dence Sum -
ming Ef fects for Gamma Spec tros copy, Nu clear In -
stru ments and Meth ods in Phys ics Re search, A 662
(2012), 1, pp. 21-25
[5] ***, UNSCEAR 2000 Re port on Sources and Ef fects
of Ion iz ing Ra di a tion to the Gen eral As sem bly, Vol. I:
Sources, An nex B: Ex po sures from Nat u ral Ra di a tion  
Sources, An nex B: Ex po sures from Nat u ral Ra di a tion 
Sources, United Na tions, New York, 2000
[6] Odumo, O. B., et al., Ra dio log i cal Sur vey and As sess -
ment of As so ci ated Ac tiv ity Con cen tra tion of the
Nat u rally Oc cur ring Ra dio ac tive Ma te ri als (NORM)
in the Migori Artisanal Gold Min ing Belt of South ern
Nyanza, Kenya, Ap plied Ra di a tion and Iso topes, 69
(2011), 6, pp. 912-916
[7] El Afifi, E. M., et al., Eval u a tion of U, Th, K, and Em -
a nated Ra don in some NORM and TENORM Sam -
ples, Ra di a tion Mea sure ments, 41 (2006), 5, pp.
627-633
[8] Alatise, O. O., Babalola, I. A., Olowofela, J. A., Dis -
tri bu tion of Some Nat u ral Gamma-Emit ting
Radionuclides in the Soils of the Coastal Ar eas of Ni -
ge ria, Jour nal of En vi ron men tal Ra dio ac tiv ity, 99
(2008), 11, pp. 1746-1749
[9] Luca, A., et al., Ac tiv ity Mea sure ments of Tech ni -
cally En hanced Nat u rally Oc cur ring Radionuclides
(TENORM) in Phosphogypsum, Ap plied Ra di a tion
and Iso topes, 67 (2009), 5, pp. 961-963
[10] Murray, A. S., et al., Anal y sis for Nat u rally Oc cur ring 
Radionuclides at En vi ron men tal Con cen tra tions by
Gamma Spec trom e try, Jour nal of Radioanalytical
and Nu clear Chem is try, 115 (1987), 2, pp. 263-288
[11] Jankovi}, M., Todorovi}, D., Con cen tra tions of Nat u -
ral Radionuclides in Im ported Zir co nium Min er als,
Nucl Technol Radiat, 26 (2011), 2, pp. 110-114
[12] Abo-Elmagd, M., et al., Ra dio log i cal Haz ards of
TENORM in the Wasted Pe tro leum Pipes, Jour nal of
En vi ron men tal Ra dio ac tiv ity, 101 (2010), 1, pp.
51-54
[13] Hamby, D. M., Tynybekov, A. K., Ura nium, Tho rium
and Po tas sium in Soils along the Shore of Lake
Issyk-Kyol in the Kyrghiz Re pub lic, En vi ron men tal
Mon i tor ing and As sess ment, 73 (2002), 2, pp.
101-108
[14] ***, Mono graph BIPM-5, Ta ble of Radionuclides
Vol. 1-6; Bu reau In ter na tional des Poids et Mesures,
Sevres (2004-2011)
[15] Anagnostakis, M. J., In dus trial Pro cesses Pro duc ing
TENORM, Na tional Tech ni cal Uni ver sity of Ath ens,
Pre sented at: IAEA Tech ni cal Visit on: “Mea sure -
ment of Nat u ral Radionuclides in En vi ron men tal
Sam ples, NORM and TENORM by Gamma Spec -
trom e try: Ex per i men tal Dif fi cul ties and Meth od ol o -
gies, Mo naco De cem ber 4-9, 2011
[16] Karam, A., The Nat u ral Re ac tor at Oklo: a Com par i -
son with Mod ern Nu clear Re ac tors, www.phys -
ics.isu.edu/radinf/Files/Okloreactor.pdf
[17] Van der Westhuizen, A. J., Pub lic Ex po sure from
Mines Op er at ing on an Ig ne ous ore Body, (Nat u rally
Oc cur ring Ra dio ac tive Ma te rial (NORM V), Pro -
ceed ings, In ter na tional Sym po sium, Se ville, Spain,
March 19-22, 2007), IAEA, Vi enna
[18] Doring, J., et al., Ex po sure and Ra di a tion Pro tec tion
for Work Ar eas with En hanced Nat u ral Ra dio ac tiv ity,
(Nat u rally Oc cur ring Ra dio ac tive Ma te rial (NORM
V) – Pro ceed ings, In ter na tional Sym po sium, Se ville,
Spain, March 19-22, 2007), IAEA, Vi enna
[19] Boshkova, T., Minev, L.,Corrections for Self-At ten u -
a tion in Gamma-Ray Spec trom e try of Bulk Sam ples,
Appl. Radiat. Iso topes, 54 (2001), 5, pp. 777-783
Re ceived on May 25, 2012
Ac cepted on Oc to ber 27, 2012
M. Z. @ivanovi}, et al.:Anal y sis of In ter fer ences from Full En ergy Peaks in ...
386 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2012, Vol. 27, No. 4, pp. 380-387
M. Z. @ivanovi}, et al.:Anal y sis of In ter fer ences from Full En ergy Peaks in ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2012, Vol. 27, No. 4, pp. 380-387 387
Milo{ Z. @IVANOVI], Jelena D. NIKOLI],
Andrei I. APOSTOL, Marios J. ANAGNOSTAKIS
ANALIZA  INTERFERENCIJA  FOTOPIKOVA  U  GAMA
SPEKTROMETRIJI  NORM  I  TENORM  UZORAKA
Zna~ajan broj primordijalnih radionuklida nalazi se  u skoro svim uzorcima poreklom
iz Zemqine kore, bilo da se radi o nafti, kamenu, zemqi{tu ili nekom drugom materijalu. Wihove
koncentracije se ~esto odre|uju gama spektrometrijski. Iako se relativne koncentracije
radionuklida uglavnom kre}u u relativno uskom opsegu, to nije uvek slu~aj. Neki prirodni
materijali (NORM) sadr`e 238U i 232Th sa neuobi~ajenim odnosom aktivnosti, a tehnolo{ki
izmeweni materijali (TENORM) mogu tako|e imati radioaktivne nizove u zna~ajnoj neravnote`i. 
Ako se zna da primordijalni radionuklidi emituju vi{e od 1000 gama fotona i karakteristi~nih
X-zraka i da mnogi od wih me|usobno interferiraju, postavqa se pitawe da li za neke odnose
koncentracija ~esto kori{}eni fotoni postaju neupotrebqivi za kvantitativnu analizu. U ciqu
nala`ewa takvih slu~ajeva razvijen je ra~unarski pro gram koji mo`e da ra~una interferencije
koje poti~u od fotona koji su predali celu energiju detektoru, za bilo koji odabrani foton.
Izra~unavawa se zasnivaju na unetim aktivnostima izotopa i kalibracionim jedna~inama
detektora.
Kqu~ne re~i: gama spektrometrija, interferencija, NORM, TENORM, radioaktivnost
